Under-reporting of energy intake (EI) is a well-known problem when measuring dietary intake in free-living populations. The present study aimed at quantifying misreporting by comparing EI estimated from the Danish pre-coded food diary against energy expenditure (EE) measured with a validated position-and-motion instrument (ActiReg w ). Further, the influence of recording length on EI:BMR, percentage consumers, the number of meal occasions and recorded food items per meal was examined. A total of 138 Danish volunteers aged 20 -59 years wore the ActiReg w and recorded their food intake for 7 consecutive days. Data for 2504 participants from the National Dietary Survey 2000 -2 were used for comparison of characteristics and recording length. The results showed that EI was underestimated by 12 % on average compared with EE measured by ActiReg w (PreMed AS, Oslo, Norway). The 95 % limits of agreement for EI and EE were 26·29 and 3·09 MJ/d. Of the participants, 73 % were classified as acceptable reporters, 26 % as under-reporters and 1 % as over-reporters. EI:BMR was significantly lower on 1-3 consecutive recording days compared with 4-7 recording days (P,0·03). Percentage consumers of selected food items increased with number of recording days. When recording length was 7 d, the number of reported food items per meal differed between acceptable reporters and under-reporters. EI:BMR was the same on 4 and 7 consecutive recording days. This was, however, a result of under-reporting in the beginning and the end of the 7 d reporting. Together, the results indicate that EI was underestimated at group level and that a 7 d recording is preferable to a 4 d recording period.
The assessment of dietary intake plays a vital role in many aspects of nutritional science. Dietary intake data are, among others, used for monitoring intakes of foods and nutrients to identify public health nutrition problems, analysing and identifying the associations between dietary intake, health and disease, and estimating dietary exposure from contaminants, pesticides and additives. Results are used as a basis for far-reaching policy decisions and initiatives, including the development of food-based dietary guidelines, aimed at improving health and food safety in the general population. The Danish National Survey of Dietary Habits and Physical Activity 2000-2 (National Dietary Survey 2000 -2) uses a 7 d pre-coded food diary (food diary) to collect information about the current dietary intake in the population. The method was chosen because it is suitable both for children and adults as well as being cost efficient. Working groups established by the Nordic Council of Ministers investigated and recommended the use of this method to harmonise dietary assessment methods used in the Nordic countries (1) . The National Dietary Survey 2000 -2 method is, however, burdensome because the respondent has to complete a food diary every day for 7 d. Thus, studies indicate that the 7 d method applied in the National Dietary Survey 2000-2 may lead to misreporting due to participant fatigue and modification in usual dietary habits (2, 3) , and use of shorter recording periods is often applied (3 or 4 d) in prospective dietary surveys (4) . It is also assumed that a shorter recording period may help optimise overall participation because of the lower burden.
To know the extent of misreporting and especially underreporting, evidence of the validity of the survey instrument is required, preferably against an objective measure, to ensure that the survey instrument does not seriously bias the perceived relationship between dietary intake and health. The food diary has been developed and improved since 1995, where it was validated in relation to weighed food records and measurements of N in 24 h urine samples. But low reporting of energy intake (EI) has become an increasing problem in the National Dietary Survey 2000-2 (5) since then. Therefore the purpose of the present study was to assess the validity of diet self-reporting in a group of Danish adult volunteers, by comparing self-reported EI measured by the food diary with energy expenditure (EE) using a validated position-and-movement monitor (ActiReg w ; PreMed AS, Oslo, Norway). Furthermore, the impact of prospective recording length on reporting status, i.e. the reported EI:calculated BMR ratio (EI:BMR) (6) was examined to establish if it would be feasible to reduce recording length from 7 to 4 d. The impact of a reduced recording length on the proportion of subjects consuming specific foods (percentage consumers), the number of meal occasions and food items per meal was also investigated.
Methods

Study design
The participants completed the food diary each day for 7 consecutive days, every time they ate, resulting in a measure of EI. On the same days as the food diary was completed the participants wore ActiReg w , an electronic device, resulting in a measure of EE. All participants were interviewed, in person, about social background, health issues, attitudes and knowledge about food, health and physical activity. Anthropometric measurements were made. Detailed instructions on how to record food consumption and how to use the ActiReg w instrument were provided individually to all participants. Written instructions were given as well. The procedures followed were in accordance with the Helsinki Declaration of the World Medical Association and the study was approved by the Danish Data Protection Agency. The study participants completed the same study protocol as participants in the National Dietary Survey 2000 -2, except for the ActiReg w part and the anthropometric measurements.
Participants
A total of 143 healthy Danish volunteers, aged 20 -59 years, were recruited in the Copenhagen area through advertisement in local workplaces, a local newspaper and a website. An equal representation of men and women in different age groups (20-29 years, 30-39 years, 40 -49 years and 50 -59 years) was aimed at. Pregnant women, athletes and subjects on a slimming diet were excluded.
Data for 2504 participants aged 20 -59 years (1153 men and 1351 women) from the National Dietary Survey 2000-2 were included for comparison of characteristics, recording length and under-reporting.
Danish pre-coded food diary
Dietary intake was recorded for 7 consecutive days in food diaries supplied with pre-coded answer options for the most commonly eaten foods and dishes in the Danish diet. The questionnaire was organised according to the typical Danish meal pattern (breakfast, lunch, dinner and snacks). Each meal was divided into sections with headings such as beverages, bread, spreadable fats, cold meat cuts, meat, and vegetables to make it easier to find and record foods, dishes and beverages in the pre-coded food diary. For food items not included in the pre-coded food diary, the participants wrote type of food and portion size eaten in open-answer categories. The portion sizes were given in predefined household measures (for example, hot beverages in cups, cold beverages in glasses) or estimated from photographs. Each participant was also given a booklet containing twelve series of colour photographs, showing four to six different portions ranging from small to large.
The participants recorded in the food diary if they skipped a meal on purpose. Whenever participants had anything to drink and/or eat, they reported the time for the start and end of the meal and where it was consumed and prepared. The participants reported all food items eaten or drunk.
A trained interviewer instructed the participants on how to complete the food diary. All these instructions were given in the same way as in the National Dietary Survey 2000 -2. The data were scanned using 
ActiReg
w (PreMed AS, Oslo, Norway) is an electronic device which records body position and movement. It has two body position sensors and two motion sensors connected by cables to a battery-operated storage unit. One pair of sensors is attached by medical tape to the chest (on the sternum) and the other to the front of the right thigh approximately midway between the knee and the hip. The storage unit is fixed to an elastic belt worn around the waist. Together, the sensors are able to discriminate between the body positions, standing, sitting, bending forward and lying down, and also register whether there is movement or not in each pair of sensors or both. The combination of body position and movement is checked every 1 s and stored in the unit, with one code for each combination. Further details of the description and validation of the ActiReg w method have been published elsewhere (7) . The participants in the present study carried ActiReg w for the same 7 consecutive days as they recorded their food intake, except at night while sleeping or during water activities. If ActiReg w was not worn for a period of 15 min or more during the daytime, the participants were instructed to record the type of activity during that time on a form, and energy costs during non-wear time (showering and water activities) were assessed and added when the total EE for that particular day was calculated. If ActiReg w was not carried for 3 h or more and/or the wear time was , 10 h per d, the day was excluded. The data collected were processed by a specially designed program (ActiCalc; NorthStar Solutions, Manhattan, KS, USA). Physical activity level (PAL) was calculated from the activity levels and body positions measured, as described by Hustvedt et al. (7) . BMR was calculated from the equation published by Garby et al. (8) based on body composition data from measurements of electrical impedance (9) . EE was calculated for each individual as PAL £ BMR. The mean of the acceptable/valid days was used to estimate EE.
Anthropometric measurements
Body weight, height and body composition were measured twice for all participants to obtain the same measure. Participants were weighed without shoes in light indoor clothing to the nearest 0·1 kg on an electronic digital scale (Rowenta Silver Art; Rowenta France SAS, Vernon, France). Body weight was also measured after the recording period on the same scale in order to establish weight stability during the recording period. Height was measured without shoes to the nearest 1 cm with a Seca 222 (Vogel & Halke GmbH & Co., Hamburg, Germany). Body composition was measured with a hand-to-foot bioelectrical impedance analyser (Maltron BF-906; Maltron International Ltd, Rayleigh, Essex, UK) after at least 5 min rest in the supine position. Participants were instructed to avoid diuretic drinks 24 h before bioelectrical impedance testing (no alcohol and no coffee and/or tea in large amounts), not to take any meals at least 2 h before testing, and to abstain from exercise 12 h before testing.
Definition of misreporters
Since day-to-day variation in EI and in EE is normal, exact agreement between EI and EE over 7 d in one individual is unlikely. Therefore the accuracy of the reported EI was assessed using the confidence limits of agreement between reported EI and EE at the individual level as suggested by Black (10) . This method for identifying misreporters has formerly been used in the present study population, and the details are published elsewhere (11) . The same method was used to identify acceptable reporters (AR), under-reporters (UR) and over-reporters according to recording length.
For the definition of misreporters in the National Dietary Survey 2000-2, Goldberg's cut-off points for EI:BMR for 4 d (EI:BMR , 1·06) (6) and 7 d (EI:BMR , 1·1) (6) were used. In the National Dietary Survey 2000 -2 BMR was estimated from equations published in the Nordic Nutrition Recommendations (12) .
Energy intake:BMR ratio in relation to recording length
We compared EI:BMR in relation to duration of recording in the present study and in the National Dietary Survey 2000-2 to establish if it would be feasible to reduce recording length. In the present study, a similar trend of EI:BMR was observed throughout recording days, no matter if the starting day was a weekday or a weekend day. It was therefore decided to treat data as one group in order to have more observations. As Monday was over-represented as the starting day in the National Dietary Survey 2000-2, the number of individuals with this starting day was reduced by randomly removing approximately half of the population in each level of EI:BMR. This was done because the EI on weekend days was higher than on weekdays in the National Dietary Survey 2000-2. With Monday over-represented as the starting day, a difference between 4 and 7 recording days could be due to that reason only.
Eating occasions and food items
A measure of reporting habits -the mean number of eating occasions and food items recorded per eating occasionwas established for AR and UR. To determine the number of eating occasions reported, all foods and beverages reported at one meal were assumed to constitute one eating occasion.
The number of different food items consumed at each eating occasion was also determined for AR and for UR. A food item could be a single food component, for example, a glass of water, or a multiple food component such as a sandwich.
Alcohol, two foods (apples and fish) and one beverage (soft drinks) were chosen to illustrate the impact of recording length on the percentage of consumers and to have foods at different levels. Apples and fish are basic foods whereas soft drinks and alcohol are non-basic foods. Furthermore, alcohol is a macronutrient, fish is a food group, and apples and soft drinks are food items.
Statistics
Differences in characteristics between the participants and the population in the National Dietary Survey 2000 -2 were evaluated using the x 2 statistic, z test (adjusted using the Bonferroni correction) and two-sample t tests. The validity of estimated EI from the food diary was tested by comparison with EE measured with the ActiReg w using paired-sample t tests. Agreement between the food diary and the ActiReg w was assessed by Bland -Altman plot (13) . Pearson correlation coefficients were also calculated. EI and EE were divided into quartiles and cross-classification was used to assess categorical agreement between the two methods. The impact of recording length on EI:BMR was examined using ANOVA with repeated measurements including EI:BMR as the dependent variable and number of consecutive recording days (1, 2, . . . 7) as independent variables. Differences in the number of UR and AR were evaluated using a x 2 test and differences in food items reported per meal between 4 and 7 recording days were evaluated using ANOVA with repeated measurements. In this model the number of food items recorded was included as the dependent variable and the number of recording days (4 or 7) and reporting type (AR and UR) as independent variables.
In both repeated-measures ANOVA models, homogeneity of variance and normal distribution among residuals were verified by plots and histograms of residuals as well as by a Shapiro-Wilk test for normal distribution.
Results
A total of 143 subjects completed the study. Data from two participants were excluded due to technical problems with the ActiReg w equipment; two participants had mounted the ActiReg w sensors erroneously and one individual did not return the food diary, which left 138 participants with useful data. From these, 21 d of ActiReg w measurements were excluded because of insufficient wear time, and another 20 d were omitted due to incorrect placement of the sensors. In the final study population, seven participants had repeated the study protocol due to technical problems with ActiReg (14) .
Dietary intake in the study population compared with the population in the Danish National Survey of Dietary Habits and Physical Activity 2000 -2 A higher proportion of the study population than in the National Dietary Survey 2000-2 avoided fat spread on rye bread. Moreover, the male study population seemed to be more aware of healthy eating and ate a diet with a lower fat content and higher fibre content compared with men in the National Dietary Survey 2000-2. However, the male study population had a higher sugar content in their diet whereas women had lower sugar content in their diet compared with the men and women in the National Dietary Survey 2000-2. Furthermore, the study population reported a significantly (P,0·005) higher (10 %) EI compared with the population in the National Dietary Survey 2000-2 (Table 1) .
Energy intake (food diary) v. energy expenditure (ActiReg
The differences between EI and EE were 22·1 MJ/d among males and 2 1·2 MJ/d among females, with an average difference of 2 1·6 MJ/d (Table 2) corresponding to a 12 % lower EI than EE overall. The width for the 95 % limits of agreement was 2 6·29 and 3·09 MJ/d, which indicates wide discrepancies between the two methods (Fig. 1) . The limits of agreement were broader in men (2 7·88 to 3·78 MJ/d) than in women (2 4·16 to 1·84 MJ/d). Almost all outliers were men.
Pearson's correlation coefficients between EI and EE were 0·56 for all participants (P, 0·001). Separated by sex, the correlation was 0·16 (P¼0·208) for men and 0·50 for women (P¼0·003). When male outliers (n 5) were excluded, the correlation for men was 0·30 (P¼0·015).
When agreement between the methods was studied within the range of^10 % of EE, 28 % of the participants fell into this range. Twice as many (60 %) fell below and 12 % fell above the range of agreement. More men than women were classified within this range of agreement.
The proportion of male participants appearing in the same quartile for both EI and EE was 20 %; 66 % were classified into correct or adjacent quartiles, 24 % were misclassified and 10 % were grossly misclassified. For female participants, 23 % were classified in the same quartile for both EI and EE; 79 % were classified into correct or adjacent quartiles, 14 % were misclassified and 7 % were grossly misclassified.
Reporting of energy intake in relation to reporting length
The proportion of UR differed significantly between 4 and 7 reporting days both in the present study ( Analysing the recording days separately, EI:BMR was lower on the 1, 2, 6 and 7th separate recording day compared with the middle days in the present study. In the National Dietary Survey 2000-2, EI:BMR was lower on days 1 and 7 compared with the middle days (Table 3) .
Analysing the recording days consecutively, EI:BMR was significantly lower on day 1, 1-2, and 1-3 consecutive recording days compared with 4-7 recording days (P, 0·032). The same results were seen in the National Dietary Survey 2000-2 except that only EI:BMR on days 1-2 was lower than on days 3-7 (P,0·006) (Fig. 2) . In the National Dietary Survey 2000-2 the EI:BMR was lower for both men and women (men, P¼0·01; women, P¼0·02) compared with the present study. In both studies, data for both men and women demonstrated the same trend over the number of recording days, and therefore the data in Fig. 2 . were analysed together.
Reporting of consumption of selected foods in relation to reporting length
The number of eating occasions did not differ across the number of recording days (data not shown), either for UR or AR.
The number of food items recorded per meal did not differ between UR and AR on the first 4 d of registration, but differed significantly when recording length was 7 d (Table 4) . This was primarily due to a lower registration of snacks (P, 0·01).
As can be seen in Table 5 , the variance of the intake decreased and the percentage consumers increased while the median intake of consumers only decreased with the increasing number of recording days.
Discussion
Energy intake (food diary) v. energy expenditure (ActiReg w )
The study showed that in a motivated volunteer sample of Danish adults the average EI reported was underestimated by 12 % compared with EE measured by the ActiReg w . The limits of agreement were much broader in men than in women. This is because the BMR of women constitutes a larger part of total daily EE compared with men -so the variation among women is less. The size of under-reporting in the present study is in line with others using estimated records (15) . To the authors' knowledge only two other studies have used the ActiReg w method for assessing the validity of self-reported EI from 4 d pre-coded food diaries among children aged 9 and 13 years (16, 17) . In the two Norwegian studies, a substantial under-reporting of EI was observed ranging from 18 % among 9-year-olds (n 51) to 24-34 % among 13-year-olds depending whether the data collection period with the ActiReg w was 4 d (n 56) or 7 d (n 51). The high underestimation found in the Norwegian studies might be due to the use of a school class setting, which may have caused the children to compete against each other -resulting in an overestimation of activity.
In the present study, the ability of the food diary to rank individuals according to EE was moderate (r 0·56) (18) . Approximately the same ability to rank individuals was observed in the child study by Andersen et al. (17) .
d v. 4 d of consecutive recording
Reducing the recording period from 7 to 4 consecutive days did not change EI:BMR at the group level. It is, however, EI, energy intake; EE, energy expenditure; PAL, physical activity level. * Mean value was significantly different from that of the men (P,0·05). † Acceptable reporters were defined as having a ratio of EI:EE in the range 76-124 %. ‡ Under-reporters were defined as having a ratio of EI:EE , 76 %. § Over-reporters were defined as having a ratio of EI:EE . 124 %. not acceptable to reduce the reporting period to 4 d, because the non-significant difference between 4 and 7 recording days is a result of a lower EI:BMR at the start and at the end of the reporting period. It could be argued that the most precise measure of dietary intake is obtained from the middle days and that days 1 -2, where an 'experimenter' effect (an alteration in dietary behaviour due to participants' awareness of being observed) is present and the last day where a fatigue effect is present, should be omitted in data analysis. In such a case, 4 d would not be sufficient. The 'experimenter' effect and fatigue effect, however, are greater in the present study than in the National Dietary Survey 2000 -2, probably caused by the extra workload with the ActiReg w . Another study exploring trends in reported EI in adults also found an 'experimenter' effect and that reported EI was lowest on the first day of recording (19) . The number of UR identified was lower with 4 consecutive recording days compared with 7 consecutive days in the present study and the National Dietary Survey 2000 -2.
However, we found a larger difference in the proportion of UR between 4 and 7 d in the present study than in the National Dietary Survey 2000 -2. This may be due to the fact that a greater proportion of participants started recording on a weekend day in the present study compared with the National Dietary Survey 2000-2 (47 v. 28 %) resulting in a relatively higher EI at the beginning of the present study.
Analysis of the number of food items recorded per meal showed that the higher proportion of UR observed on the 7 d is not only due to a more valid identification of UR with a longer recording length, but also due to a lower number of food items, especially snacks, reported. So there seems to be a relative fatigue effect towards recording among UR.
Poppit et al. (20) have also observed that snacks were omitted from 24 h recalls, although meals were well reported. How the reporting of snacks could be improved should be addressed in future studies.
Recording length also affects percentage consumers and food intake estimates of consumers only. A short recording period introduces a high degree of variation at the individual level and does not necessarily reflect the usual intake (21) . In the present study the variation of food intake decreased and the percentage consumers increased with increasing recording length. The percentage consumers of soft drinks, alcohol, apples and fish increased by approximately 10 % with a 7 d recording period in comparison with a 4 d recording. This has also been observed for other foods in a study by Lambe et al. (22) , where at least 50 % of non-consumers on day 1 became consumers over the subsequent 13 d.
Since the National Dietary Survey 2000-2 is used to develop and evaluate the impact of food-based dietary guidelines, food consumption from the largest achievable proportion of consumers should be obtained. The longest possible recording length is therefore preferable in prospective studies. Otherwise, participants may erroneously be classified as low or high consumers. Recording over 7 d has the advantage of covering one complete cycle of a common human behaviour (23) and is still acceptable and feasible. A recent study concluded that the use of 3 d recording may distort the apparent composition of the diet and reporting periods longer than 3 d and ideally 7 d are preferable w .
Applicability of the method
The strength of the present study was that an objective method was used to measure EE, and is not likely to have any correlated error. No significant mean difference between EE measured with ActiReg w and EE measured with doubly labelled water or indirect calorimetry has been demonstrated (7) . Moreover, the ActiReg w is a less expensive technique compared with doubly labelled water and thereby enables more participants in a validation study. However, activities such as arm work, carrying loads and water activities are not well accounted for due to the way ActiReg w is designed. Like other objective instruments used to measure EE among free-living subjects, the ActiReg w method shows considerable variation at the individual level.
Comparison of EI with EE rests on the energy balance concept, i.e. EI must equal EE in the recording period. This concept assumes that individuals only eat to obtain energy balance. The results indicate a general under-reporting of EI by 12 % and indicate that the week of food registration hardly reflects usual intake. A small mean weight loss of 200 g at group level supports the results of under-reporting of EI but could also be due to changes in fat-free mass (and thereby water).
The results indicate that especially the male population in the validation study differed from the randomly selected population in the National Dietary Survey 2000-2 by being more health focused. Men in the present study had healthier dietary habits and more frequent intentions to eat healthily and were more physically active during leisure time than men in the National Dietary Survey 2000 -2. Intentions to eat healthily has been shown to be related to the degree of under-reporting in the study of Rasmussen et al. (11) . Breakfast  5·3  3·0  5·4  2·3  4·0  1·9  4·7  2·5  Lunch  4·5  2·4  5·6  3·7  4·8  2·7  6·1  3·4  Hot dinner  6·6  3·4  6·6  4·3  4·9  2·7  6·0  3·1  Cold dinner  0·2  0·8  0·8  2·3  0·9  2·3  0·5  2·0  Snacks  10·1  4·7  11·0  4·6  9·3  3·9  11·9*  4·4  Total  26·7  7·2  29·5  7·7  24·0  6·0 29·3* 7·8 * Mean value was significantly different from that of the UR for the 7 d duration of recording (P,0·05). † One UR was missing the food diary on the 4th recording day. ‡ One UR was missing the food diary on the 7th recording day. § Four AR were missing the food diary on the 7th recording day. The frequent intentions of males to eat healthily in the present study could have resulted in healthier eating habits caused by underestimation of portion sizes of less healthy foods or undereating of especially unhealthy snacks or a combination in the week of registration. A higher proportion of men than women were therefore characterised as UR and a higher proportion of men than women were grossly misclassified when assessing agreement between the methods. The choice of a volunteer population is a limitation, which may impair the representativeness of the study results. However, at the time the study was conducted, a random sample was not possible because the design of the study puts a heavier workload on the participants than in the National Dietary Survey 2000-2. The fact that the study population was comprised of motivated and more educated individuals may have resulted in a more accurate reporting of food intake than in the National Dietary Survey 2000 -2. Thus, under-reporting in the present study is lower than in the National Dietary Survey 2000 -2. The present study therefore represents a better-case scenario and does not necessarily reflect the randomly selected population in the National Dietary Survey 2000-2. Other studies assessing the validity of food records also include selected samples of volunteers (16, 17, 24) . Participants in the present study were nevertheless representative of the general population with regard to sex, age and BMI.
Conclusion
The results showed that in a volunteer population representing 'a better-case scenario' EI was underestimated by 12 % at the group level, and that there was substantial variability in the accuracy of the food diary at the individual level. The ability to rank individuals according to EI when compared with EE was moderate. Reducing the recording period from 7 to 4 consecutive days did not change EI:BMR at the group level, but this seems more to be a result of under-reporting in the beginning (experimenter effect) and at the end of a 7 d reporting (fatigue effect), than the two reporting periods (4 and 7 d) being equally precise. The percentages of consumers were higher with a 7 d recording.
Together, the present results support that a reporting period of 7 d is preferable to a 4 d recording period, and it should be further considered to run analysis on days 3-6, thereby limiting the experimenter effect and a possible fatigue effect.
